Introduction
============

The emergence of antibiotic-resistant bacteria and the continual increase in antibiotic resistance present major problems in the treatment of infectious diseases. The appropriate use of antibiotics is essential, given that their improper use promotes antibiotic resistance.[@b1-ijgm-6-597]--[@b3-ijgm-6-597] One of the major problems underlying antibiotic use is the lack of consideration for the responsible pathogen, resulting in inappropriate use of antibiotics.

In Japan, the "Guidelines for the Management of Community-Acquired Pneumonia in Adults" were published by the Japanese Respiratory Society (JRS) in 2000,[@b4-ijgm-6-597] and they were updated in 2007.[@b5-ijgm-6-597] These guidelines recommended that physicians review the appropriateness of antibiotics before use, and indicated that antibiotics should be used effectively by first determining the specific pathogen involved through bacteriological examinations.

Although lower respiratory tract infections are treated at various types of medical institutions, few studies have compared the practice patterns for such infections across medical institutions in Japan. Accordingly, this study aimed to assess practice patterns for community-acquired lower respiratory tract infections among hospital patients with regard to bacteriological examinations and injection antibiotic use. We then evaluated whether bacteriological examinations were being adequately implemented.

Materials and methods
=====================

Design and database
-------------------

With the universal health care coverage system, most people in Japan are covered under some type of health insurance plan, such as national health insurance, a health insurance society, or a mutual aid association.[@b6-ijgm-6-597] Almost all medical institutions provide health care services covered by health insurance,[@b7-ijgm-6-597] and they issue health insurance claims (hereafter, "claims data") every month for each patient. Claims data are inspected at the time of medical billing to determine whether services were adequate based on health insurance criteria. Information provided in claims data include patient characteristics (eg, name, sex, date of birth), name of medical institution, name of disease, treatments performed (eg, laboratory examinations, name of drugs and quantity, surgery), and health care charges.

In this cross-sectional study, we used the health insurance claims database of the Japan Medical Center Co, Ltd (JMDC), (Tokyo, Japan). The JMDC collects claims data of approximately 530,000 insured individuals from multiple health insurance societies in Japan. Data were obtained from each health insurance society under special security conditions. Information such as disease names, pharmaceutical products used, and treatments performed are entered in a standardized format using special techniques.[@b8-ijgm-6-597] Although patient characteristics in the JMDC database can be used to evaluate health care services, the database does not include physician characteristics (eg, age, sex, specialty). The JMDC database has been used in several published studies.[@b9-ijgm-6-597]--[@b11-ijgm-6-597]

Study subjects
--------------

Subjects were hospital patients aged 16 years or older who were listed in insurance claims submitted between January 2004 and December 2007, and who received injection antibiotic therapy for a lower respiratory tract infection. Lower respiratory tract infections were defined as diseases corresponding to J13, J14, J15, J16, J17, J18, J20 (with the exception of J20.3--20.7), J21.9, J22, J40, and J69 according to the World Health Organization's International Classification of Diseases, tenth revision.[@b12-ijgm-6-597]

The names of diseases recorded on claims data include primary diseases targeted mostly for treatment (hereafter, "primary disease;" more than one primary disease is possible, and some cases will have no record) and all other diseases (hereafter, "secondary disease;" more than one disease is possible, and some cases will have no record). Subjects of the present study were patients for whom:

> Criteria 1: the primary disease was recorded and included the target disease of this study. The antibiotic used is indicated for the primary disease;
>
> Criteria 2: the primary disease was recorded but was neither the target disease of this study nor a disease for which the antibiotic used was indicated. The secondary disease included the target disease of this study and the disease was the only disease for which the antibiotic used was indicated;
>
> Criteria 3: the primary disease was not recorded, and the secondary disease included the target disease of this study and the disease was the only disease for which the antibiotic used was indicated.

Injection antibiotics approved in Japan, except for spectinomycin and sulfadimethoxine, were indicated for pneumonia and/or other lower respiratory tract infections, and they were assessed. The antibiotics assessed in this study are listed in the Supplementary material.

Data from the same individual in which the treatment period or medical institution performing the treatment differed were evaluated separately.

Exclusion criteria were: (1) patients for whom treatment extended beyond the target period; (2) nosocomial infections (ie, patients for whom treatment of the target disease began 4 days after hospitalization, or antibiotic administration was suspended for at least 3 days during the same hospitalization period \[antibiotic treatment following suspension suggests a nosocomial infection\]); and (3) long-term antibiotic therapy (eg, treatment for community-based pneumonia should be completed or drug modifications should be determined by the 14th day following treatment initiation.[@b5-ijgm-6-597] When certain bacteria \[eg, intestinal bacteria\] are considered responsible, 21 days of antibiotic administration may be recommended.[@b13-ijgm-6-597] We excluded patients who were treated with the same antibiotics for more than 21 days).

Evaluated items
---------------

For each patient, we determined the type of antibiotic used, the dose and number of days the antibiotic was used, and whether bacteriological examinations were performed or not. Using the World Health Organization, Anatomical Therapeutic Chemical (ATC) classification as a reference, we classified antibiotics as penicillins, first-generation cephalosporins, second-generation cephalosporins, third-generation cephalosporins, fourth-generation cephalosporins, carbapenems, aminoglycosides, macrolides, tetracyclines, lincomycins, fosfomycins, glycopeptides, quinolones, or other antibiotics. For drugs not registered with the ATC, we used classifications listed in the JRS guidelines.[@b4-ijgm-6-597] Because the appropriate dose varies considerably among drugs, normalized doses should be compared. The defined daily doses listed in the ATC are commonly used as standard doses; however, for some drugs, the standard dose listed in Japanese drug package inserts differs considerably from the defined daily doses of the ATC and, as mentioned above, some drugs are not registered with the ATC. Accordingly, in the present study, we defined the daily normal dose listed in Japanese drug package inserts as the standard unit (hereafter, "ddd"). When a range of normal doses was provided, we used the maximum daily limit of the normal dose. For example, the normal dose for ceftriaxone is given as 1--2 g/day, up to 4 g for severe patients; thus, we defined the standard dose as 2 g (ie, 1 ddd for ceftriaxone is 2 g).

Bacteriological examinations analyzed were Gram stain, sputum culture, blood culture, bacterial sensitivity tests, and other tests that have the potential to identify the responsible bacteria (eg, tests that estimate the responsible bacteria from blood or urine, such as the streptococcal pneumonia urinary antigen test). We judged that a test was implemented if it was recorded in the claims data.

The precise number of beds for individual hospitals could not be determined due to JMDC privacy policies. Accordingly, we used hospital bed classifications according to the "Patient's Behavior Survey" of the Ministry of Health, Labor, and Welfare[@b14-ijgm-6-597] as a reference and grouped hospitals as follows: \<20, 20--99, 100--199, 200--299, 300--499, and ≥500 beds. Data were provided based on this classification. Institutions with \<20 beds were classified as clinics, 20--99 beds as small hospitals, 100--499 beds as medium-sized hospitals, and ≥500 beds as large hospitals.

Because disease names recorded in claims data did not always agree with the actual clinical diseases diagnosed, additional analyses were conducted. In addition to the target patients who met the eligibility criteria for this study, we considered patients who would be possibly using antibiotics to treat lower respiratory tract infections. These patients, in addition to the target patients, constituted the patients in analysis 1. We evaluated the implementation of bacteriological examinations and antibiotic use for the patients in analysis 1.

The patients in analysis 1 included target patients and those whose disease in claims data satisfied the following: the target disease of this study was recorded as the primary disease or the secondary disease; if the primary or secondary disease included diseases other than the target disease of this study and the antibiotic used was indicated, those diseases were respiratory diseases only.

Logistic regression analysis was conducted to determine predictors of the implementation of bacteriological examinations. The odds ratio (OR) and 95% confidence interval (CI) were calculated, setting the implementation of Gram stain or sputum culture as the dependent variable (implement = 1; not implement = 0). Physician characteristics (eg, age, sex, specialty) were not analyzed since this information was not recorded in the database. Patient's sex, age, and the institution size were set as explanatory variables.

Statistical analysis was performed using STATA software, version 10.0 (StataCorp L P, College Station, TX, USA).

Results
=======

A total of 1649 inpatients (criteria 1: 42.1%, criteria 2: 30.7% criteria 3: 27.2%) were analyzed. Patient characteristics (age and sex) are shown in [Table 1](#t1-ijgm-6-597){ref-type="table"}. The numbers of target patients based on medical institution size are shown in [Table 2](#t2-ijgm-6-597){ref-type="table"}.

The implementation of bacteriological examinations is shown in [Table 3](#t3-ijgm-6-597){ref-type="table"}. Doses (aggregated as ddd) for the different types of antibiotics are shown in [Figure 1](#f1-ijgm-6-597){ref-type="fig"}. The proportion of patients who received the respective drugs is shown on the graph. The implementation rate for Gram stain and sputum culture was 40%. Particularly among patients who were treated by fourth-generation cephalosporins and/or carbapenems, the implementation rate for Gram stain and sputum culture was 50% and 52%, respectively. Beta-lactams comprised 80% of the total amount of drugs used, and the proportion of patients who received beta-lactams was 83%.

Treatment patterns by medical institution size were compared. The implementation of bacteriological examinations is shown in [Table 4](#t4-ijgm-6-597){ref-type="table"}. The implementation rate of Gram stain and sputum culture was 14% at clinics, approximately 30% at small hospitals, and 40%--45% at medium-sized and large hospitals. Between-drug comparisons of doses are shown in [Figure 2](#f2-ijgm-6-597){ref-type="fig"}. The dose of each drug is shown as a proportion of the total amount of drug used as assessed by ddd (set to 100). Beta-lactams were most frequently used, comprising 80% of the total amount of drugs used. Among beta-lactams, penicillins comprised 25% of the total amount of drugs used at hospitals with ≥300 beds, but 12% and 13% at clinics and small hospitals, respectively.

Analysis 1 targeted 1751 patients. The implementation rate for Gram stain and sputum culture in analysis 1 was 40%. Those rates at clinics were 13% in analysis 1. They were approximately 30% at small hospitals, and 40%--45% at medium-sized and large hospitals. Beta-lactams were most frequently used among patients for analysis 1, comprising 80% of the total amount of drugs used. In analysis 1, penicillins comprised 23% of the total amount of drugs used at hospitals with ≥300 beds, and 11% and 12% at clinics and small hospitals, respectively.

As for the predictors of bacteriological examination implementation, ORs were 0.68 (95% CI: 0.55--0.84) for females, 1.01 (95% CI: 1.00--1.01) for increasing age, and 1.20 (95% CI: 1.12--1.28) for large-sized institutions. Similar results were obtained when the implementation of sputum culture was used as a dependent variable.

Discussion
==========

The present study with large claim database revealed that practice patterns for lower respiratory tract infections differed by medical institution size, and that implementation rates of bacteriological examinations were very low, especially at clinics and small hospitals in Japan.

In the present study, more than one-fifth of analyzed patients were treated with broad-spectrum antibiotics such as fourth-generation cephalosporins and/or carbapenems. Physicians sometimes have no choice but to prescribe these antibiotics for severe cases or under particular circumstances, even if they refer to JRS guidelines. The frequency of inappropriate antibiotics use should be assessed, although such analysis is beyond the scope of this study.

Previous studies in other countries have investigated the variability of antibiotic prescribed by physicians, reporting practice setting, practice volume, regional differences, physician age, and physician specialty as predictors of prescribing decisions.[@b15-ijgm-6-597]--[@b17-ijgm-6-597] Differences in treatment by medical institution size were observed in the present study as well.

Lower respiratory tract infections are caused by bacteria as well as by viruses. One possibility is that patients treated in clinics and small hospitals had a higher likelihood of having viral infections or mild cases. However, in the present study, all analyzed patients were hospitalized and given antibiotics -- these were the inclusion criteria of this study. Antibiotics are used to treat bacterial infections. When physicians use antibiotics, they should make efforts to estimate and/or identify responsible pathogens regardless of disease severity, and then use appropriate drugs.

The implementation rate of bacteriological examinations was generally low at clinics and small hospitals and higher at large hospitals. Nonetheless, less than half of the targeted patients underwent bacteriological tests. Surprisingly, even in the cases that broad-spectrum antibiotics such as fourth-generation cephalosporins and/or carbapenems were used, the implementation rate for Gram stain and sputum culture was around 50% at most. This suggests that the practice of administering injection antibiotics without performing bacteriological examinations is widespread. Although logistic regression analysis revealed that men and older individuals were more likely to undergo Gram stain and sputum culture tests, the effect size was too small to be conclusive. Implementation of bacteriological examinations may depend on several factors, such as the physician's views regarding infectious diseases and the presence of a laboratory that can perform examinations. However, the analysis of these factors is beyond the scope of this study due to the limitation of the database used.

Some large hospitals in Japan reported that restricting antibiotic use and establishing a notification system successfully modified the use of broad-spectrum antibiotics.[@b18-ijgm-6-597]--[@b20-ijgm-6-597] On the other hand, restricting the use of specific antibiotics may increase strains resistant to other antibiotics.[@b21-ijgm-6-597] Merely establishing restricting and/or notification systems is insufficient, and may be difficult for some small institutions. In the practice of infectious diseases, individualized treatment is important. Gram stain is useful in the treatment of community-acquired pneumonia;[@b22-ijgm-6-597] yet, such tests are not performed to a sufficient degree. Physicians should perform bacteriological examinations to estimate and/or identify responsible pathogens, consider drug sensitivity, and prescribe the most appropriate antibiotics. De-escalation strategy, that is the practice as above mentioned, is one of the key strategies in antibiotic treatment.[@b23-ijgm-6-597]--[@b25-ijgm-6-597] The JRS guidelines recommend against the use of broad-spectrum antibiotics by physicians without sufficient review of the medication's appropriateness, and also suggest that estimating and/or identifying the responsible pathogen would lead to the effective use of antibiotics. However, our findings suggest that many physicians failed to adhere to these recommendations. In addition to widely disseminating the guidelines, further efforts should be made to improve education on infectious diseases among physicians with various levels of experience.[@b26-ijgm-6-597] Given that medical service fees influence physicians' attitudes,[@b27-ijgm-6-597] one option might be to address medical profit.

There are some limitations to this study. First, the claims data used in this study were insurance claims rather than clinical records. Claims data are aggregated monthly; therefore, if a bacteriological examination and antibiotic administration occur in the same month, their order cannot be determined. Consequently, whether the bacteriological examination was conducted before or after antibiotic administration could not be differentiated, suggesting that bacteriological examinations before antibiotic treatment may be less frequent than the results of this study.

Second, the disease listed in claims data does not always match the clinical diagnosis. Claims data are inspected at the time of medical billing, and it is expected that the name of the disease for which the antibiotic is indicated will be recorded. Therefore, we conducted additional analyses based on the names of diseases provided in claims data. The implementation rate of bacteriological examinations and prescription patterns of injection antibiotics were similar between patients for analysis 1 and the target patients of this study. These results suggested that the present findings may accurately reflect clinical reality.

Third, the JMDC database used in this study consists of individuals covered by health insurance societies. Compared with the nation as a whole, this population is younger on average, suggesting that the present findings cannot be generalized to the entire country.

Fourth, severity and comorbidity in individual patients (ie, differences in case-mix) could not be assessed due to the limitation of the database. It is possible that patient characteristics at clinics and small hospitals were of a less severe case-mix compared to medium and large hospitals, and that patients were less likely to undergo bacteriological examination. Nonetheless, the implementation rates of Gram stain and sputum culture at clinics and small hospitals were critically low (14% to 30%) for patients who required hospitalization. From the perspective of appropriate antibiotic use, physicians should make conscious efforts to estimate and/or identify responsible pathogens.

It was not until recently that claim databases became available for studies and that practice patterns could be analyzed, as was conducted in this study. Based on the present findings, we conclude that practice patterns varied by medical institution size. Moreover, bacteriological examinations were insufficiently implemented, especially at clinics and small hospitals. To improve the practice of treating lower respiratory tract infections, issues such as more thorough dissemination of current guidelines, increased education of infectious disease among physicians with various levels of experience, further evaluation of appropriate antibiotic use, effective interventions, and comparison of antibiotic resistance and compliance with guidelines should be addressed in the future.

Supplementary table
===================

###### 

Antibiotics list

  Classification                     
  ---------------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------------
  Penicillins                        benzylpenicillin, ampicillin/cloxacillin, ampicillin, aspoxicillin, piperacillin, sulbactam/ampicillin, tazobactam/ piperacillin
  First-generation cephalosporins    cefalotin, cefazolin
  Second-generation cephalosporins   cefbuperazone, cefmetazole, cefminox, cefotetan, cefotiam, flomoxef
  Third-generation cephalosporins    cefmenoxime, cefodizime, cefoperazone, cefotaxime, cefpiramide, cefsulodin, ceftazidime, ceftizoxime, ceftriaxone, latamoxef, sulbactam/cefoperazone
  Fourth-generation cephalosporins   cefepime, cefozopran, cefpirome
  Carbapenems                        biapenem, doripenem, imipenem/cilastatin, meropenem, panipenem/betamipron
  Aminoglycosides                    amikacin, arbekacin, astromicin, bekanamycin, dibekacin, gentamicin, isepamicin, kanamycin, micronomicin, netilmicin, ribostamycin, sisomicin, tobramycin
  Macrolides                         erythromycin, kitasamycin
  Tetracyclines                      minocycline
  Lincomycins                        clindamycin, lincomycin
  Fosfomycins                        fosfomycin
  Glycopeptides                      teicoplanin, vancomycin
  Quinolones                         ciprofloxacin, pazufloxacin
  Other antibiotics                  aztreonam, carmonam, chloramphenicol, linezolid, sulfadiazine/trimethoprim
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![Normalized ddd of different antibiotics.\
**Notes:** The right side of the graph shows the proportion of patients who used the antibiotic. The total percentage of patients exceeds 100% because injections of different drugs administered to the same patient were counted separately.\
**Abbreviation:** ddd, defined daily dose.](ijgm-6-597Fig1){#f1-ijgm-6-597}

![Between-drug comparisons of drug dose based on medical institution size.](ijgm-6-597Fig2){#f2-ijgm-6-597}

###### 

Patient characteristics

  Age (years)   Patients (n)   
  ------------- -------------- -----
  16--25        122            91
  26--35        190            135
  36--45        166            109
  46--55        137            88
  56--65        169            101
  ≥66           123            218
  Total         907            742

**Abbreviation:** n, number.

###### 

Number of target patients and their proportion based on medical institution size

  Institution size (number of beds)   Patients (number)   (%)
  ----------------------------------- ------------------- ------
  \<20                                91                  5.5
  20--99                              199                 12.1
  100--199                            289                 17.5
  200--299                            197                 11.9
  300--499                            518                 31.4
  ≥500                                355                 21.5
  Total                               1649                100

###### 

Implementation of bacteriological examinations (proportion of patients)

  Patients (n = 1649)   \%
  --------------------- ------
  Gram stain            39.8
  Sputum culture        39.8
  Blood culture         23.4
  Sensitivity test      18.1
  Other examinations    24.7

**Abbreviation:** n, number.

###### 

Implementation of bacteriological examinations based on medical institution size

                        Bed                                
  --------------------- ------ ------ ------ ------ ------ ------
  Patient (%)                                              
   Gram stain           14.0   28.6   40.2   44.5   44.6   43.9
   Sputum culture       14.0   31.7   40.9   41.5   44.0   43.0
   Blood culture        4.3    13.6   14.8   27.5   23.9   38.5
   Sensitivity test     8.6    17.1   26.1   15.5   15.1   20.7
   Other examinations   11.8   13.1   22.7   22.0   28.9   31.6
